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| BACKGROUND
Venous thromboembolism, the composite of deep vein thrombosis and pulmonary embolism, can be prevented and treated effectively with anticoagulation therapy. Unfortunately, all currently available anticoagulant therapies carry the burden of increased bleeding risk.
After initial treatment of an episode of venous thromboembolism (typically 3-6 months), the decision to prolong anticoagulant treatment must be weighed against the bleeding risk.
1 Ideally, persons with a high recurrence risk are identified and anticoagulant treatment prolonged, whereas in patients with a low recurrence risk, treatment can be stopped safely. Several prediction models that estimate the risk of venous thromboembolism recurrence have been developed, most of which perform moderately. 2 The accuracy and discriminative performance of these models can potentially be improved by adding coagulation factors as predictors. By preference such a predictor is not influenced by use or type of anticoagulants, optimizing the applicability of the assessment model. Candidate coagulation factors are factor (F)VIII, von Willebrand factor (VWF), and d-dimer for which higher levels are associated with increased recurrence risk. [3] [4] [5] [6] [7] Preferably, risk assessment and herewith the measurement of these coagulation factors is performed while the patient is still on anticoagulant treatment. By doing so, persons at high recurrence risk are not exposed to an anticoagulation-free interval and remain protected during risk assessment. This approach also seems more patient-friendly as only one (outpatient) contact moment, which can be combined with blood draw, is necessary.
This was for example done in the derivation and in the majority of patients in the validation study of the HERDOO2 model, in which d-dimer levels were measured on vitamin K antagonist (VKA) treatment. 8, 9 Treatment with VKA influences d-dimer levels, probably due to its anticoagulant effect. 10 Whether d-dimer test levels are affected by direct oral anticoagulants (DOACs) is not well known. In contrast, FVIII levels are non-vitamin K dependent and seem only marginally influenced by VKAs, but may be affected by DOACs [11] [12] [13] which are now suggested as first treatment of choice for venous thromboembolism.
14 Several previous studies that investigated the effect of DOACs on the measurement of coagulation factors investigated spiked ex vivo samples and found varying results according to the combinations of reagents and drugs. [15] [16] [17] [18] [19] For instance, FVIII:C levels seem to be effected by concurrent DOAC use, while d-dimer, fibrinogen, and VWF:Ag may not. 18, 19 As DOACs have been rapidly implemented in clinical practice, it is of importance to study whether commonly used measurements of coagulation are influenced by DOAC intake.
In two crossover trials, we determined whether levels of FVIII:C, FXI:C, FXII:C, VWF, fibrinogen, and d-dimer are influenced by the direct FXa inhibitors rivaroxaban and apixaban.
| ME THODS

| Study design
We performed a post hoc analysis in two crossover trials of which the main results were published previously by Barco Amsterdam, the Netherlands. For the current study, only the blood samples drawn just before DOAC intake and three hours after the last intake were used (eg, before the administration of prothrombin complex concentrate), in total there were two studies, six participants, three sessions, for a total of 36 blood samples.
| Blood samples
For each of the three sessions, blood samples were drawn immediately before the first intake of rivaroxaban/apixaban (T = 0, 0′ and 0′′) and three hours after the last dose of rivaroxaban/apixaban (T = 1, 1′ and 1′′), in vacuum tubes containing 0.105 mol/L sodium citrate and centrifuged twice at 2500 g for 10 minutes at 18°C within two hours after venipuncture. After aliquoting, the samples were stored at −80°C.
| Laboratory measurements
Activity (:C) of FVIII, FXI, FXII (one stage-clotting), and VWF antigen (VWF:Ag) (imunoturbimetric), fibrinogen (Clauss method) and
Essentials
• It is uncertain whether direct factor Xa inhibitors influence levels of coagulation factors.
• In two trials we assessed the influence of rivaroxaban and apixaban on coagulation factor levels.
• Factors VIII, XI, XII, and d-dimer measurements were influenced by rivaroxaban/apixaban intake.
• Fibrinogen and von Willebrand factor measurements were not affected by rivaroxaban/apixaban use.
d-dimer (imunoturbimetric) levels were measured using the ACL TOP 700 analyzer (Werfen Instrumentation Laboratory, Barcelona, Spain), Laboratory technicians were blinded to time point and agent corresponding to each sample. All coagulation factor levels were determined within one batch. All coagulation factors, except for d-dimer levels were measured in duplicate.
| Statistical analysis
Differences in coagulation factor levels before and after rivaroxaban/apixaban intake were plotted for every participant and for every factor at the three sessions. We estimated the mean difference with 95% confidence intervals (CIs) in levels of the coagulation factors (before and after the intake of rivaroxaban/apixaban) for every participant at the three different sessions (within pair comparison). The observed mean of these paired differences are presented both as absolute differences and as percentages. d-dimer was also assessed on a natural logarithmic (Ln) scale as the distribution of d-dimer is slightly skewed.
For a post hoc sample size calculation, assuming an alpha of 0.05 and a beta of 0.80, we would need a sample size of 11 paired measurements for both rivaroxaban and apixaban separately to detect a paired mean difference of 10 IU/dL or more in FVIII levels with a (conservative) standard deviation (SD) of 10 IU/dL.
| RESULTS AND DISCUSSION
The clinical characteristics of the participants and the mean levels of the coagulation factors at the start of each session are shown in Table 1 . In both the rivaroxaban and apixaban trial six healthy male participants were enrolled and all 12 completed the trial. The mean age in the rivaroxaban trial was 27 (SD 12) years and the mean weight was 83 (SD 14) kg, this was 26 (SD 7) years and 75 (SD 12) kg in the apixaban trial. The average paired mean differences in coagulation factors levels after rivaroxaban/apixaban intake are shown in Table 2 . The differences in levels after rivaroxaban intake were −38 IU/dL (95% CI Finally, we assessed whether there was a linear relationship between measured FVIII:C and d-dimer levels before and after rivaroxaban/apixaban intake. As depicted in Figure 2A, we observed a linear association between FVIII:C levels before rivaroxaban/apixaban intake and the decrease in levels after intake. For d-dimer levels there also appeared to be a linear association, although levels were low overall ( Figure 2B ). This is relevant as a linear association would make these measurements still usable as a predictor, whereas no association (eg, random influence of the anticoagulant intake on the measurement) could render the predictor unusable.
F I G U R E 1 Difference in coagulation factor levels before (T0) and after (T1) rivaroxaban/apixaban intake for every participant at all three sessions. Black bars indicate the difference in the factor at the first session, the grey and white bar the second and third session, respectively. Bars pointing down indicate a lower factor level after rivaroxaban/apixaban intake, bars pointing up indicate higher levels. The order of participants is the same in all figures. Please note that the y-axis (and unit) is different for d-dimer (in fibrinogen equivalent units) and fibrinogen.*124 IU/dL. As also reported by Tichelaar and colleagues, 11 FVIII:C measurements seem to be affected by rivaroxaban intake. We observed the same effect for FXI:C and FXII:C measurements for both rivaroxaban and apixaban intake. As was also reported by Mani et al, VWF:Ag measurements did not seem to be affected by a low dose of rivaroxaban (10 mg daily) intake, although in their study the average VWF:Ag study levels were high, likely due to the postsurgical status of the participants and no measurement was done before rivaroxaban intake. 12 In addition, both VWF:Ag as well as VWF activity measurements were not affected in an in vitro study with drug enriched samples of rivaroxaban and apixaban. 19 In other studies in which factor Xa inhibitors were added to human plasma ex vivo, fibrinogen measurements were reported not to be affected. [17] [18] [19] Our study confirm these findings in healthy men on therapeutic doses of rivaroxaban/apixaban and by comparing coagulation factor levels before and after intake. Intake of rivaroxaban or apixaban could influence these coagulation factor measurements either due to a direct effect on the coagulant factors (eg, the actual in vivo levels are lower due to the effects of the agent) or due to interference with the assay (eg, the actual in vivo levels are unchanged, only the measurement is influenced). In previous studies sample plasma dilutions partially resolved the difference in measured levels after spiking with DOAC, indicating that interference with the assay is the most feasible explanation. 11, 12 A strength of this study is its controlled design, where at three sessions (with a washout period in between) blood was taken immediately before rivaroxaban/apixaban intake and three hours after intake. Where most previous studies were limited to ex vivo or in TA B L E 2 Effects of rivaroxaban and apixaban on coagulation factor measurements vitro settings, we investigated the effects of rivaroxaban/apixaban in human volunteers on therapeutic doses of the agents. A limitation of this study is that it was performed in healthy individuals with generally low d-dimer levels (often below the official detection limit of 203 ng/mL FEU), and this finding might therefore not be directly extrapolated to the anticoagulant using patient population. In an in vitro study d-dimer measurements were not influenced by enriching samples with rivaroxaban or apixaban. 19 In addition, all participants were men hereby limiting the generalizability of the results to women.
The results of our study are relevant to clinical practice:
d-dimer, FVIII:C, FXI:C, and FXII:C measurements in patients using rivaroxaban or apixaban should be interpreted with caution as they are probably different from as when measured without rivaroxaban/apixaban use. As there was a linear association in the decrease of FVIII:C measurement after intake of rivaroxaban/apixaban, FVIII:C might still be a useful predictor while using rivaroxaban or apixaban, however, this requires further validation. VWF:Ag was hardly, if at all, influenced by the treatment and was previously found to have a similar predictive performance to FVIII:C in the MEGA follow-up study. 5 In this study, the risk of a venous thromboembolism recurrence increased stepwise with the highest risk observed for FVIII levels >225 IU/dL: hazard ratio (HR) 4.6 (95% CI 2.9-7.5), 100 IU/dL as reference. This pattern was similar for VWF:Ag levels, where the observed risk was also highest at levels >225 IU/dL: HR 4.1 (95% CI 2.6-6.5), <100 IU/dL as reference. 5 Thus, VWF:Ag might have a role in future prediction models for venous thromboembolism recurrence for both patients off anticoagulant therapy and patients using a factor Xa inhibitor (at least for rivaroxaban and apixaban).
In conclusion, FVIII:C, FXI:C, FXII:C, and d-dimer measurements were influenced and decreased by rivaroxaban or apixaban intake.
Fibrinogen and VWF:Ag measurements were not affected by rivaroxaban/apixaban intake.
